
FAN 8 OPEN-ROTOR NOISE

This presentation is a technical progress report and near term outlook
for work on fan (in-duct) and open-rotor (high speed propeller) noise
funded by NASA's Fundamental Aeronautics Program, Subsonic Fixed
Wing (SFW) Project and the Integrated Systems Research Program,
Environmentally Responsible Aircraft Project. Sections of the
presentation cover: the system level metrics are outlined for the SFW
timeframes (2015, 2020 1 2025); the Ultra-High Bypass ratio technology
development roadmap; a feasibility study for a low technology
readiness level fan test rig; the development plan for a turbomachinery
oriented computational aero-acoustics code; and systems analysis
work on open-rotor modeling.
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Fundamental Aeronautics Program Overview

Goal: Develop capabilities necessary to address national challenges in
air transportation including noise, emissions, fuel consumption,
acceptable supersonic flight over land, mobility, and the ability to
ascend/descend through planetary atmospheres. These technological
capabilities will enalble feasible design solutions to performance and
environmental challenges of future air vehicles — vehicles that fly
through any atmosphere at any speed.

Subsonic Fixed Wing (SFW)
Develop improved prediction methods and technologies that enable dramatic
improvements in noise and emissions reduction, and increased performance
{fuel burn and reduced field) length) characteristics of subsonicltransonic
aircraft.

Subsonic Rotary Wing (SRW)
Radically improve the transportation system using rotary wing vehicles by
increasing speed, range, and paylod while decreasing noise and emissions.

Supersonics
Elliminate environmental and performance barriers that prevent practical
supersonic vehicles (cruise efficiency, noise and emissions, performance, boo
acceptability).

Hypersonics
Enable airbreathing access to space and high mass entry into planetary
atmospheres.



Emphasis on N+2
Systems Level

-Laminar Flow Control Exp.

-Next Generation Low NOx
Q Combustor

LV -Acoustic Shielding Studies

65 -Advance Structures (PRSEUS)
Q
Z -Propulsion Concepts (UHB, OR)

Layer IngestionIL • Boundary
Concepts

•N+2 NRA Studies

N i l C ­­ AA +­ +

• N+3 NRA Studies and follow
on activities: 4 External
Teams and 2 Internal
Advanced Concepts
-Characterization of
Alternative Fuels for Aviation
-Foundational NRA Program
with Industry and Academia

Mid-Term Technologies
•MDAO Generation 2
-High Lift / Cruise Efficient
Concepts
•ANOPP — 2 Development
-Flight Control Research
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Long-Term Technologies

F
Dowered half-span
model test with PSP
Results

Near Term Technologies
U_ -Support of CLEEN
cl)	 Partnership
Q
Q • MDAO Generation 1
Z	 -Design Tool Updates

N+1 (2015)	 Ojai& N+2 (2020)	 JM N+3 (2025)



NASA Subson i c • • Metrics
technology I dramatically imp I / noise,, i performance

N+1 (2015) *** N+	 (2020)*** N+	 (2025)***

_ Technology Benefits Technology Benefits TeChinology Benefits•
'Re lafive to a Relative to a

Single Aisle'Referenice Large Twin Aisle Deference
onfiguiration Configuration

Ni ise
- 32 dIB - 42 dB - 71 dB

(cumi below Stage 4)

LTD NOx Emissions
-60%-^^ - 7 5 better th -75%^^^

(below CAEF'

Performan ce;
-33%** _50 better than -70%

Aircraft Fuel Burn

Performance:
-33% -50% exploit^rnetroplex	 conceptsF ield IL.ength

Technology Readiness Leve'I for key technologies = 4-6
** Additional gains may be possible through operational improvements
" Concepts that enable optiirmal use of runways at multiple airports Within the metropolitan areas

TL itle	 Description
Reduced Noise Enabling concepts and technologies to
Aircraft	 dramatically reduce perceived aircraft

noise outside of airport boundaries.
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